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1.0 Overview

This template is a brief description of how to write a System Description Document in the standard format for SYST 301 as taught at George Mason University. Students in SYST 301 are required to follow this format for their projects. Every organization has its own processes and its own document formats. Version 1 of this template was developed by GMU SE students Rudy Ayala, Kookin Han, Chnar Muhammad, Chnur Muhammad, Juan Muhammad, Thang Phung, Rumana Rashid and Maria Sanchez.

2.0 Statement of Need 

Description: A Statement of Need explains why the system is being developed, what purpose it serves, and why it is necessary.

Process: To construct a Statement of Need, follow these steps:

· Understand the problem better by putting yourself in the customer’s place. 

· State the problem in terms that are independent of the solution.  

· Why is the system needed?

· What other solutions currently exist?

· Why are they inadequate for the need?

· Clearly define the primary stakeholder objectives.

· Who are the stakeholders?

· What are their main objectives for performance of the system (what it will do?)

· What are their main other objectives (reliability, maintainability, availability)?

· What are the resource constraints (cost, time, labor)?  

· State the scope of the problem (not the scope of the system).

· Describe how the system satisfies the customer’s priorities (performance, cost, schedule, risk, etc.).

3.0 Operational Concept 

Description: An Operational Concept serves as a communication device between stakeholders and designers to help them arrive at a common understanding of the system, how it functions, how stakeholders will interact with it, and how it addresses stakeholders’ needs. It consists of a vision for what the system is, a statement of mission requirements, and a description of how the system will be used.

Process: To construct an Operational Concept, follow these steps:

3.1 Vision

Vision is a short (1-2 paragraphs) description that captures the essential idea of the system: 

· Presents the background/need for the system
· Describes the use of the system in general
· Describes for the stakeholders how the system addresses the needs and objectives of the stakeholders
· Describes how the system will be developed, produced, and used
3.2 Mission Requirements

Statement of mission requirements:

· Provides a basis for developing system requirements and designing the system.

· States the key needs and objectives of the stakeholders from the stakeholder point of view and in stakeholder language.

· Identifies the problem and purpose condition to be changed.

· Consists of a small number of high-level requirements that capture the essential purpose.

· Stated as verb phrases (“The system shall……..”), avoiding compound sentences and negative clauses.

3.3 Operational Scenarios

· Consists of a step by step description of how a user or other stakeholder interacts with the system, stated from the stakeholder point of view.

· Each scenario addresses a single specific function or purpose.

· Collectively they should cover the range of usage of the system, including training and maintenance.

Process:

To generate these scenarios start with the key stakeholders and the key objectives. Generate a set of scenarios covering these objectives for these users. In all scenarios the focus should be on what the stakeholders and external systems do and not on the details of how the systems accomplish their tasks. The system of interest should be viewed as a black box; that is, the system’s internals are not described, leaving only the inputs and outputs to the system. 

The items being passed between the systems should be described using noun phrases.

Make sure each sequence diagram matches the corresponding operational scenario.

3.3.1 Sequence Diagrams:

A Sequence Diagram consists of a pictorial description of the system interacting with its external systems. The systems involved are listed across the top of the diagram with the time lines running vertically down the page under each of the systems. Time moves from top to bottom in a sequence. Horizontal arcs from the originating system to the receiving system designate flow of energy, matter, or data among systems.  A label is shown just above each arc to describe the data or item being conveyed. These labels should be noun phrases. (For example look at pg. 143 of Buede (2000). [1]

4.0 Objectives Hierarchy 

Description: The objectives hierarchy for a system contains a hierarchical representation of the major performance objectives, “ilites”, cost, and schedule characteristics that are used to measure how well the system satisfies stakeholder needs.

Types of Objectives:

1. Fundamental objective- essential to system purpose.

- Originating requirements should be based on fundamental objectives.

      2.  Means objective- helps to achieve fundamental objective.

-Derived requirements are usually based on means objectives for achieving fundamental objectives.

Process: To construct an objective hierarchy, follow these steps:

· The objectives must cover all important characteristics valued by stakeholders that are important to the system’s stakeholders.

· Each objective has a direction (e.g. stakeholders value increases in performance and decreases in cost).

· Objectives should be measurable.

· The objectives hierarchy (a directed tree) usually has two to five levels with two to seven objectives at each level.

· The objectives hierarchy is typically used for trade studies that compare one design alternative with another.

· The objectives hierarchy is used as a basis for developing system requirements and for test and evaluation of the system. 

5.0 External Systems Diagram and Table 

Description: The External Systems Diagram and table is a model of the interaction of the system with other external systems in the relevant contexts, thus providing a definition of the system’s boundary in terms of the system’s inputs and outputs.

Process: To construct an external systems diagram, follow these steps:

· Main function and its interaction with functions performed by the external systems.

· All of the outputs of the system’s function have to go to at least one of the external systems’ functions on the page and cannot exit the diagram.

· Each of the external systems must receive at least one output of the system; otherwise, the system should be part of the context.

· The controls should be at the top of the diagram.

· The mechanisms are at the bottom of the diagram.

· Make sure the table matches the diagram.

· The diagram must satisfy the rules of an IDEF0 diagram:

· Each function has at least one control

Process: To construct an external systems table, follow these steps:

· Make a table in which each row designates a function and there are columns for:

 -Function name

 -Inputs

-Outputs

-Controls

-Mechanisms

· The External Systems Diagram can be constructed directly from the table.

6.0 Originating Requirements 

Description: Originating requirements (also called user requirements) specify required characteristics or behavior of the system. They are written in stakeholder language with stakeholder participation. Originating requirements specify constraints and performance parameters of system from stakeholder perspective. There is no right or wrong, only acceptable or unacceptable at this time. The major categories of originating requirements in Buede’s (2000) taxonomy are:

6.1 Input/output: inputs, outputs, and transformations

6.1.1 Input

6.1.2 Output

6.1.3 External Interface

6.1.4 Functional

6.2 Technology & System-wide: relate to system as a whole

6.2.1 Technology: are the ones that engineers would prefer not to have because they really do constrain the engineering creativity and should result from the other requirements if they are justifiable

6.2.2 Suitability

6.2.3 Cost: deals with payment of money during the appropriate life-cycle phase for the system in question to be useful

6.2.4 Schedule: deals with time constraints on the relevant system for the phase of life cycle in question

6.3 Trade-off: how to compare alternate designs

6.3.1 Cost

6.3.2 Performance: major suitability, cost, and schedule issue

6.3.3 Cost-Performance

6.4 System Qualification: how to analyze whether the system meets requirements

6.4.1 Observance: describe how estimates for each input/output and system-wide requirement will be obtained. Qualification data come from test, analysis and simulation, inspection, or demonstration.

6.4.2 Verification Plan: describe how qualification data will be used to determine whether actual system conforms to design.

6.4.3 Validation Plan: describe how qualification data will be used to determine whether system complies with the originating requirements.

6.4.4 Acceptance plan: describe how qualification data will be used to determine that the system is acceptable to the stakeholders.

Process: To construct an originating requirement document, follow these steps:

Writing Requirements:

· Terminology

· Statements of fact use “will”

· Goals use “should” 

· Ordinary requirements use “shall”

· Requirements statement shall include 

· A subject (the relevant life-cycle system)

· The word shall (or “should” for a “nice to have but not essential” requirements, or “will” for constraints)

· A relation statement (e.g., less than or equal to)

· The minimum acceptable threshold with units 

· Avoid 

· compound predicates

· negative predicates 

· Requirements must be unambiguous

Writing Good Requirements:

· Proper Grammar

· The system shall stop the flow of liquid hydrogen in 0.5 seconds or less.  The liquid stopping time is measured from the time the control signal for stopping is received until the flow through reaches zero. 

· Avoid Compound Predicates

· The system shall fit xxx, weigh yyy, and cost zzz. (this causes traceability problems). 

· Avoid Negative Predicates

· The system shall not ... (attempt to turn this into a positive statement of what the system shall do).

· Avoid Ambiguous Terms

· Verbs: “optimize,” “maximize,” and “minimize” 

· Adjectives: “adaptable,” “adequate,” “easy,” “flexible,” “rapid,” “robust,” “sufficient,” “supportable,” and “user-friendly” 

· Attempt to rephrase as  measurable and unambiguous statements

Requirements Management:

· Identify, derive, allocate & control requirements

· Include all the system functions, attributes, interfaces, and verification methods a system must meet

· Manage changes to requirements as design evolves

· Requirements must be:

· Traceable (include source of each requirement)

· Verifiable (must be able to determine unambiguously whether requirement is met)

· Complete (cover all system functions, attributes, interfaces)

· Consistent

· Achievable

7.0 Functional Architecture 

Description: A functional architecture is:

· Logical model of the functional decomposition

· Depiction of flow of inputs and outputs

· Tracing of inputs and output to specific functions and items

· Can be represented pictorially as a set of IDEF0 diagrams without mechanisms

Process: To construct a functional architecture, follow these steps:

· Derive the top level function (top-level function must connect at least once to all external systems).

· Create a hierarchical decomposition of the system’s top-level function that is represented as a directed tree and defines what the system must do.

· The functional architecture is developed from the system concept, hierarchical decomposition and system requirements by breaking down functions into sub-functions where:

· Each function has at least one control (required by IDEF0). 

· Each function should have at least one output (not required by IDEF0).

· Decompose the system into levels of functions and sub-functions so that:

· The sub-functions at each level work together to perform the function they are decomposing.

· The functions are as modular as possible 

· Sub function groupings are logical

· Make sure that all of the system requirements can be traced to elements of the functional architecture.

· During the function brainstorming process:

· Consider operational scenarios for different operating modes of system and develop functions to cover them.

· Examine inputs and outputs of top-level system and decompose to next level to detail how an input is transformed into an output.

· Consider which functions are fundamental and which are secondary.

· Check the functional architecture:

· After derivation evaluate the functional architecture to determine whether it is an acceptable architecture for the system concept and requirements.

· Trace scenarios through the system to check that they are supported by the system.

· Check that all requirements can be traced to elements of the functional architecture.

· Check whether any new requirements have emerged from the process of constructing the functional architecture.

8.0 Physical Architecture 

Description: A Physical Architecture is a hierarchical decomposition of the resources that comprise the system. It includes:

· Generic Physical Architecture is a description of the partitioned elements of the physical architecture without any specification of the performance characteristic of the physical resources that comprise each element.

· Morphological Box is a matrix in which the columns (or rows) represent the components in the generic physical architecture. It is a tool to represent and assist in comparing different choices for the instantiated physical architecture for a system.

· Instantiated Physical Architecture is a generic physical architecture to which complete definitions of the performance characteristics of the resources have been added.

Process: To construct a physical architecture, follow these steps:

· Create a list of all the resources (modules) that are needed to perform each function for the system.

· Create the Generic physical architecture by putting all the components in a tree format.

· Create the Instantiated physical architecture by putting all the components and all of the different types of features in a morphological box and select a small set of design options. Each design option is constructed by picking an element (or in some cases multiple elements) from each column of the morphological box.

9.0 Allocated Architecture 
Description: An Allocated Architecture (also called Operational Architecture) is a complete description of the system design, including the functional architecture allocated to the physical architecture, derived input/output, technology and system-wide, trade off, and qualification requirements for each component, an interface architecture that has been integrated as one of the components, and complete documentation of the design and major designs decisions. The operational architecture also includes information on sequencing of execution of the functions (e.g. a function flow block diagram).

Process: To construct an allocated architecture, follow these steps:

· Allocate functions and system-wide requirements to physical subsystems

· Allocate functions to components

· Trace system-wide requirements to system and derive component-wide requirements

· Define and analyze functional activation and control structure

· Conduct performance and risk analysis

· Document architectures and obtain approval

· Document subsystem specifications

10.0 Interface Architecture 
Description: An Interface Architecture documents the major interfaces between the subject system and external systems, and between subsystems of the subject system. For each interface, the interface architecture describes:

· Content: what is passed across the interface (physical and logical links)

· Form: physical specifications for the connection

· Format: how information is encoded to pass across interface.

Process: Provide a verbal description of the interface, including:
· The systems being connected by the interface;

· The content passed across the interface;

· Form and format of the interface, including applicable interface standards.

The interface architecture may also include SysML internal flow block diagrams documenting the links.

11.0 Qualification Plan 
Description: The qualification plan describes how the system will be evaluated. It describes the qualification objectives, tests that will be conducted, procedures for conducting the tests, templates for documenting test results, and risks and mitigation strategies.
Process: For a full system design project, the qualification plan is a complex document with detailed descriptions of how the system will be verified and validated, and procedures for obtaining stakeholder acceptance.  For your project, a highly simplified formatA qualification plan can be provided in the form of a matrix that describes the method by which each of the originating requirements will be verified.

12.0 Management Plan and Report 

Description: For complex projects the management plan is a detailed document that contains a great deal of information in standard organized format. For this course a simplified format suffices. The management plan should include:

· A list of tasks

· A list of responsibilities of each group member

· Self and group assessment

· Logs of meeting dates and minutes of meetings

Process: To construct a management report, follow these steps:

· Build a table of your team Project Management Plan.  This table includes the following columns: 

-Tasks

-Responsible Team Member

-Dependent Tasks

-Expected Due Date

-Team Member Completing 

-Actual Date Completed

· Enter the corresponding information for each task.

· Build a table for the Team Members Evaluation This table includes the following:
-A row of the names of the team members
-A row for the self grade
-A row for the group grade
-A row for the reasoning of the grade
References 

This section should include a list of references used in developing the system design.  References should be in a standard format. Any commonly accepted format (e.g., APA, IEEE) is acceptable, but it should be consistent.
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